Solid dispersions of a slightly water-soluble drug, clotrimazole, were prepared in different weight ratios using polyethyleneglycol 4000 and different molecular weight polyvinyl pyrrolidones as carriers. Moreover, binary and ternary b-cyclodextrin complexes were prepared in different molar ratios. Both solid dispersions and b-cyclodextrin complexes were prepared by solvent evaporation technique. A phase solubility method was used to evaluate the effect of the tested carriers on the aqueous solubility of clotrimazole. The dissolution of all the preparations was tested using the USP paddle method. The selected solid dispersions and inclusion complexes were characterized by differential scanning calorimetry and X-ray powder diffractometry studies, and results clarified the role of the tested carriers in decreasing the crystallinity of clotrimazole and complexing abilities. Based on physical characters and in vitro drug release pattern, polyvinylpyrrolidone solid dispersions (1:1 weight ratio) and ternary cyclodextrin complexes (clotrimazole-b-cyclodextrin complexes with either polymer, 1:1 molar ratio) were selected as ideal batches for suppositories. Suppocire AM/50 mg carbopol 940, was chosen as a suppository base and the suppositories were prepared by molding technique. The prepared suppositories were characterized for weight variation, softening time and drug content. All these properties were found to be ideal. The in vitro drug release pattern was determined in citrate buffer (pH 4.5) containing 1% sodium lauryl sulfate. The in vitro release of clotrimazole from its solid dispersions and inclusion complexes incorporated suppositories was markedly improved when compared to the intact drug incorporated suppositories. Polyvinyl pyrrolidone solid dispersions incorporated suppositories were found to possess excellent antifungal activity.
A vaginal clotrimazole-containing formulation may be of use for several reasons including the opportunity to generate high local tissue levels, more rapid drug delivery, and lower systemic exposure. This may be especially important for treating pregnant patients. In addition, clotrimazole (CLOT) is effective against several fungal strains such as Torulopsis glabrate and Candida topicalis, which are responsible for refractory vaginal candidiasis in more than 25% of patients suffering from this condition. In fact, Candida-related fungal vaginitis is a common gynecological disease affecting two thirds of all women at least once during their lifetime [1] . In studies of mechanisms underlying in vitro availability of different drugs from suppositories, the water solubility of drugs was found to be the fundamental factor influencing the release rate and extent [2] . Different approaches have been used to improve solubility and dissolution rate of poorly water-soluble drugs from suppositories using solid dispersion, crystallization of the drug with carriers such as urea, sodium salicylates, hydroxypropylmethylcellulose and b-cyclodextrin (β-CD) complexation [3] [4] [5] [6] . Since CLOT is a lipophilic drug (Log K o/w = 4.1) with low aqueous solubility (solubility=0.49 mg/l) [7, 8] and slow dissolution in water [7] , its slow release from suppository formulations may be anticipated. Previous studies have been carried out to improve the solubility of CLOT by microcapsule [9] , liposome [10] , suspension with hydroxypropylmethylcellulose and nanosphere [11] , cyclodextrin inclusion complex [7, 8, [12] [13] [14] and solid dispersion technique using mannitol as carrier [15] . Continuing that research, our study is to gain insight into the effect of water-soluble polymers such as polyethyleneglycol 4000 and different molecular weight polyvinyl pyrrolidones on the physicochemical properties of clotrimazole in the solution and the solid state. In addition, the effect of water-soluble polymers on the complexation of CLOT with β-CD was studied. Moreover, the influence of solid dispersion and inclusion complex formation on the in vitro drug release and antifungal activity from suppocire AM/50 mg carbopol 940 suppository base was investigated.
MATERIALS AND METHODS
Clotrimazole (CLOT), polyvinyl pyrrolidone k-17 (PVPk-17), (PVP k-25), (PVP k-30), suppocire AM and carbopol 940 were kindly supplied as gift samples by Memphis Co. (Cairo, Egypt). β-Cyclodextrin (β-CD) (Mw 1135) and sabouraud dextrose agar were purchased from Sigma-Aldrich (St Louis, MO, USA). Methanol, ethanol, chloroform, citric acid, sodium hydroxide, hydrochloric acid and sodium lauryl sulphate were purchased from El-Gomhoria Co. (Cairo, Egypt). Polyethylene glycol 4000 (PEG4000) was purchased from Hoechest Chemikalien (Werk Gendort, Germany). A semipermeable cellophane membrane 30/32 was supplied by (Fischer Scientific Co., London, England).
Phase solubility studies:
Solubility studies were performed according to the method described by Higuchi and Connors, 1965 [16] . An excess amount of drug (50 mg) was added to 10 ml of water or carrier aqueous solutions of different concentrations (1-20%) for PVP and PEG4000 polymers and (0.1-1.8%) for β-CD with and without the addition of 0.5% w/v hydrophilic polymers (PVP k-17, PEG4000) in 25-ml stopper conical flasks and shaken at 25° in a thermostatically controlled water bath (Julabo SW 20C, Osaka, Japan). At equilibrium after 4 days (for β-CD with and without polymers) or 2 days (for the other carriers), aliquots were withdrawn, filtered (0.22 μm pore size, Whatman UK), suitably diluted with methanol and spectrophotometrically (Shimadzu UV-160A Spectrophotometer, Shimadzu, Japan) assayed for drug content at 259 nm. The solubility experiment was conducted in triplicate and the average was reported.
The apparent 1:1 stability constant of the CLOTcyclodextrin complex was calculated from the phasesolubility diagram: Kc = slope / S 0 (1 -slope), Where Kc is the stability constant (L mol -1 ), slope is obtained from the linear relationship between the concentration of CLOT and β-CD and S 0 is the intrinsic solubility of CLOT (mol/l).
Preparation of solid inclusion complexes:
Solid inclusion complexes of CLOT and β-CD with and without the addition of 10% w/w hydrophilic polymers (PVP k-17, PEG4000) were prepared in the molar ratios 1:1, 1:2.5 and 1:5 by co-evaporation method [17] .
CLOT and β-CD with and without the addition of hydrophilic polymers were dissolved at 40° in the lowest volume of 50% ethanol (which is necessary to obtain solution) and stirred for 30 min. Then, the solvent was evaporated in a vacuum oven at 50° until complete drying was obtained as shown by constant weight. The dried mass was pulverized, passed through 60-mesh size sieve and stored in a desiccator until used for further studies.
Preparation of solid dispersions:
Solid dispersions of CLOT and PEG4000 or PVP k-17 were prepared in drug to polymer ratios 1:1, 1:5 and 1:10 (w/w) by the solvent evaporation method [18] . CLOT and the polymer were dissolved in ethanol and the solvent was removed under vacuum in a rotavapor at 65° and 80 rpm. The dried mass was stored in desiccator until constant mass was obtained, pulverized and passed through 250-μm sieve (mesh size 60).
To study the effect of the PVP molecular weight, SDs with PVP k-25 and PVP k-30 were prepared as described above at the weight ratio that produced the best dissolution results.
Preparation of physical mixtures:
Physical mixtures of CLOT (<250 μm) were prepared by mixing the appropriate amounts of CLOT and carriers in geometric proportions using a mortar and pestle, until a homogeneous mixture was obtained. The physical mixtures were subsequently stored at room temperature in screw capped glass vials until use.
Evaluation of clotrimazole content:
About 20 mg of each preparation was placed in a 25-ml volumetric flask. Methanol (10 ml) was added, mixed thoroughly and sonicated for 30 min. The volume was made up to the mark with methanol and then filtered (0.22 μm pore size, Whatman UK). The solution was suitably diluted with the same solvent and the drug content spectrophotometrically assayed at 259 nm. The percentage drug content was calculated for all batches using the equation: Drug content % = [CLOT act / CLOT theor ] ×100, Where CLOT act is the actual CLOT content in 20 mg product and CLOT theor is the theoretical amount of CLOT in 20 mg product.
Dissolution studies:
Dissolution of CLOT powder, physical mixtures, solid dispersions and inclusion complexes equivalent to 20 mg of CLOT was carried out with the USP II Dissolution Test Apparatus (paddle) (Pharma Test SP6-400, Hamburg, Germany) at 37±0.5° and 100 rpm using 500 ml distilled water as dissolution medium (n=3). Samples of dissolution medium (5 ml) were withdrawn at predetermined time intervals and an equal amount of fresh dissolution medium was added. Test samples were filtered (0.22 μm pore size, Whatman UK), suitably diluted and assayed for CLOT at 259 nm using a blank solution as reference. The percentage of CLOT dissolved was calculated using a regression equation generated from standard data.
The dissolution efficiency (DE) was calculated from the area under the dissolution curve at time t (measured using the trapezoidal rule) and expressed as a percentage of the area of the rectangle described by 100% dissolution over the same time [19] .
Differential scanning calorimetry (DSC):
DSC analysis was performed using a Model DT-60 DSC (Shimadzu). Samples weighing 1.5 mg were heated in hermetically sealed aluminum pans over a temperature range of 30-200° at a constant rate of 10°/min under a nitrogen steam.
X-ray powder diffractometry (XRPD):
X-ray powder diffraction patterns were recorded on a Siemens Kristallofex D-5000 powder diffractometer with CuKα radiation. The scanning rate employed was 8°/min over a 2θ range of 0-80°.
Preparation of clotrimazole suppositories:
Suppositories weighing 2 g each, containing 100 mg of CLOT or its equivalent in either PVP solid dispersions (CLOT-PVP k-25 and CLOT-PVP k-30, 1:1 weight ratio) or ternary cyclodextrin complexes (CLOT-β-CD complexes with either 10% PVP or 10% PEG, 1:1 molar ratio) were prepared using a lipophilic suppository base (mixture of suppocire AM and 50 mg of carbopol 940) taking into account the displacement value of CLOT or its solid products in the base using metal moulds. Suppocire AM / 50 mg carbopol 940 base was chosen on the basis of its bioadhesive properties that guaranteed longer permanence in the target area and allowed less active ingredient to leave the target site [20] .
Suppocire AM was melted at 40-45º, and then the mucoadhsive polymer and CLOT or its solid products were added to the melted mass. The product was stirred with a mechanical stirrer for 5 min at a constant temperature of 40º. Suppositories were then dosed into unlubricated moulds to obtain suppositories of 2.0±0.1 g each. Blank suppositories containing no active substance were prepared to determine the absorbance of the base. The prepared suppositories were wrapped in aluminum foil, kept in refrigerator and were used in the investigation.
Weight variation:
Average weight of suppositories was calculated and then each suppository was individually weighed and the variation from the average was calculated. Not more than two of the individual weights should deviate from the average weight by more than 5%, and none deviates by more than 10%.
Content uniformity:
Three randomly selected suppositories were stirred individually in a 150 ml citrate buffer pH 4.5 at 60° by a magnetic stirrer. After melting process was completed, the clear filtered solutions were measured spectrophotometrically at 259 nm against the blank prepared using suppositories without drug.
Determination of softening time:
Three suppositories of each formulation were placed individually in a dialysis membrane and placed in a beaker containing 150 ml of citrate buffer pH 4.5 at 37º and shaken in a thermostatic shaker water bath at 100 rpm. The average time needed for formulated suppositories to soften was measured in minutes [21] .
In vitro release studies:
The in vitro release of CLOT from different suppository formulae was performed according to the method described by Samy et al [4] . A previously soaked cellophane membrane was fastened on the open end of a glass tube (20 cm in length) having a surface area of 4.53 cm 2 , using a rubber band. The tube was then immersed upside-down in a 250-ml beaker containing 150 ml of citrate buffer (pH 4.5) and 1% sodium lauryl sulfate. Sodium lauryl sulfate was included in the release medium to maintain sink conditions. A volume of 5 ml of citrate buffer was poured into the glass tube. The system was placed into a thermostatically-controlled water bath and the temperature was maintained at 37º and the stirring rate was kept constant at 100 rpm. Drug release from different suppository formulae was determined by introducing each suppository in a dialysis tube and three milliliter samples of the release fluid were withdrawn at specified intervals and each time replaced with equal volume of fresh release medium. The samples were analyzed spectrophotometerically at 259 nm (Shimadzu Corp, Kyoto, Japan) and percentage drug release was calculated using an equation obtained from a standard curve.
Interference experiments showed that the components of the base did not interfere with the spectrophotometric measurement of the drug at the specified wavelength. Each release experiment was performed in triplicate.
Data analysis:
The extent of drug release was assessed from the total amount of drug present in the release medium at the end of the 360 min drug release experiment. The type of drug release kinetics applicable for the suppository bases was determined by evaluation of three models, viz: zero-order kinetic model (Q vs t), diffusion controlled model (Q vs square-root of t) and first-order model (log (Qo-Q) vs t), where Q is the amount of drug released at time 't' and Qo is the initial amount of the drug. The model that consistently produced the highest correlation among the suppository preparations was used for the assessment of drug release rates, and a slope obtained from linear regression analysis of the plot was determined as the drug release rate constant.
Antifungal activity:
The antifungal activity of CLOT from different suppository formulae (suppocire AM/50 mg carbopol 940 containing pure CLOT, ternary CLOT-β-CD-PVP/PEG complex or CLOT-PVP k-25/k-30 solid dispersions) was determined using Candida albicans [22] . The suspension of Candida albicans was streaked on triple plates of Sabouraud dextrose-agar. The discs of different suppository formulae (200 mg) which equivalent to 10 mg CLOT potency were prepared and placed on the inoculated plates and were incubated at 37º for 3 days. The diameters of the inhibition zones were measured and the inhibition distance was calculated. The discs for suppocire AM/50 mg carbopol 940 without CLOT were used as a control.
RESULTS AND DISCUSSION
The solubility of CLOT in water at 25° was found to be 5.6 μg/ml, which confirms a previously reported value [23] . On the other hand, the water solubility of clotrimazole was reported as 0.49 mg/l in different test reports [24, 25] . Table 1 depict the effect of different carriers on CLOT solubility in water at 25º. In general, the solubility enhancement of CLOT obtained with various carriers followed the rank order of PVP polymers>>PEG 4000>β-CD. Analogous results have been reported with several other drugs using different water-soluble carriers, attributable to the formation of weakly soluble complexes [26, 27] and/or co-solvent effect of the carrier [28] . In addition, hydrophilic carriers are known to interact with drug molecules mainly by electrostatic forces and occasionally by other types of forces like hydrogen bonds [29] . In case of PVP and PEG4000 polymers, the drug solubility increased linearly as a function of carrier concentration resulting in A L -type phase solubility diagram. It can be observed that the influence of different molecular weights of PVP upon the solubility of CLOT did not follow a definite pattern (PVP k-25>PVP k-30>PVP k-17). On the other hand, the phase solubility diagrams of CLOT-β-CD complexes can be classified as type A M with a linear relationship between solubilized CLOT and β-CD concentration with a positive curvature. Because the Solubilizing efficiency* = Total solubility / intrinsic solubility initial linear ascending part of the solubility diagram had a slope <1 in each case, the increase in solubility was due to the formation of a 1:1 M complex in solution with β-CD in the presence and absence of hydrophilic polymers. β-CD alone yielded a 3-fold increase in the solubility of CLOT, whereas in the presence of hydrophilic polymers it yielded a 5.5-and 3.4-fold increase with PVP and PEG, respectively. Thus the addition of PVP polymer markedly enhanced the solubilizing efficiency of β-CD. The apparent stability constant (K 1:1 ) for the CLOT: β-cyclodextrin complex was calculated from the solubility data and found to be 42.97 M -1 , which is in agreement with a previously reported value [30] . The values of the stability constant were found to be higher in the presence of hydrophilic polymers, indicating higher complexation efficiency. A 2.43 and 1.14-fold increase in the K 1:1 value was observed in the presence of PVP k-17 and PEG4000, respectively. Similar results were obtained by Mura et al. [17] , Chowdary and Srinivas [31] and El-Maradny et al. [32] .
Evaluation of drug content revealed that, the percentage of CLOT in the samples ranged between 96 and 99% of the theoretical values. The extent of dissolution after 30 and 120 min (Q 30 , Q 120 ) and the dissolution efficiency after 120 min (DE%) are presented in Tables 2-4 . It can be observed that the dissolution of pure CLOT in distilled water was very low with less than 14% of the drug was dissolved within 120 min. This is could be ascribed to poor wettability and/or agglomeration or particle size [33] . Co-habitation of carriers with CLOT in physical mixtures, clearly improved the dissolution rate of the drug and this could be attributed to wettability improvement of CLOT particles [34] . Formulation of solid dispersions improved the dissolution behavior of CLOT in comparison with its corresponding physical mixtures and pure drug and this may be due to reduction of drug particle size, formation of drug-carrier solid solutions, transformation of the drug into a faster dissolving amorphous state and by a more intimate contact between the carrier and the drug [35, 36] . The effect of drug: carrier ratio did not follow a definite trend. In case of PVP k-17, best dissolution results were obtained at 1:1 (drug: carrier, weight ratio), while, in case of PEG4000, the best results were obtained at 1:5 (drug: carrier, weight ratio). The dissolution results of CLOT from solid dispersions (1:1, weight ratio) containing different PVP polymers were tested for significance by using analysis of variance (ANOVA: single factor). The calculated P-value was >0.05, indicating non-significant effect of PVP molecular weight on CLOT dissolution. The dissolution of CLOT was rapid and higher from all solid inclusion complexes when compared with drug alone. This enhancement can be attributed to the formation of an inclusion complex of the drug with β-CD and/or the conversion of the drug to an amorphous state or nearly amorphous state [37] . It is clear that the Q 120 and DE 120 values were increased as the proportion of β-CD in the complex was decreased. About 23.5% of drug was released at 1:1 (CLOT: β-CD, molar ratio) compared to only 15.8% of drug released at 1:5 (CLOT: β-CD, molar ratio). The addition of hydrophilic polymers further enhanced the dissolution rate and efficiency of CLOT from β-CD complexes. The CLOT-β-CD (1:1) complex yielded a 1.7-fold increase in the dissolution rate of CLOT, whereas in the presence of hydrophilic polymers, it yielded a 2.4-and 2.2-fold increase with PVP k-17 and PEG4000, respectively. This is in agreement with Mura et al. [17] and Hirlekar et al. [38] . This result could be ascribed to (1) the enhancement of solubilization efficiency of β-CD by the added hydrophilic polymers, and (2) the stronger drug amorphization and better inclusion caused by the combined action of β-CD and the hydrophilic polymers [31] .
The thermal behavior of CLOT solid products demonstrated the presence of intense solid-state interactions between CLOT and the tested carriers (PVPs, PEG4000 and β-CD). DSC curves of the pure drug, PVP polymers, 1:1 weight ratio physical mixture and 1:1 weight ratio solid dispersion are shown in (fig. 1) . DSC curve of CLOT shows one characteristic sharp endothermic peak at around 145° (ΔH = -77.31 J g -1 ) indicating the melting point of the drug. DSC curve of PVP k-17 shows a large endotherm over the temperature range 50 to 100° (ΔH = -164.57 J g -1 ) associated with water loss. The thermogram of 1:1 physical mixture shows superposition of its parent products endotherms with reduction in their intensity. This indicated a partial loss of crystallinity within the PVP matrix. DSC curves of CLOT solid dispersions with different polyvinyl-pyrrolidone polymers at 1:1 weight ratio show the absence of CLOT melting peak but one endothermic peak is present at 69.69° with ΔH of -170.34 to -204.83 J/g. The absence of a CLOT melting peak in SD suggested that CLOT was completely soluble in the liquid phase of the polymer or the absence of a crystalline form of CLOT [39] . DSC curves of the pure drug, PEG4000, 1:5 weight ratio physical mixture and 1:5 weight ratio solid dispersion are shown in (fig. 2) . DSC curve of PEG4000 shows a single endothermic peak at 60.96° corresponding to its melting. Thermograms of both PM and SD show absence of CLOT melting peak but a single endothermic peak corresponding to fusion of the carrier. The absence of CLOT melting peak in SD suggested that CLOT was completely soluble in the liquid phase of the polymer or the absence of a crystalline form of CLOT. Absence of an endothermic peak of different drugs in polyethylene glycol SDs had also been reported by other researchers [40, 41] . DSC curves of the pure drug; β-CD, 1:1 molar physical mixture and 1:1 molar inclusion complex prepared with and without hydrophilic polymers are shown in (fig. 3) . DSC curve of β-CD shows a broad endothermic peak at 90.73° (ΔH = -287.2 J g -1 ), which is related to the exit of adsorbed water. DSC curve of the 1:1 molar ratio physical mixture shows two broad . DSC curve of the 1:1 molar ratio inclusion complex shows two broad endothermic peaks, one broad peak at 144.9° (ΔH = -23.01 J g -1 ) corresponding to CLOT and another broad peak at 83.12° (ΔH = -80.7 J g -1 ) corresponding to β-CD. The reduction of clotrimazole ΔH values in both inclusion complex and physical mixture compared to the pure drug could be attributed to solid-solid transition from the crystalline form to the amorphous form of the drug. With the CLOT-β-CD ternary systems, the endothermic peak at 144.8º was markedly reduced, indicating the absence of crystalline drug and its complete complexation with β-CD. Similar results were reported by Loftsson [42] and Ribeiro et al. [43] .
X-ray powder diffractometry patterns of CLOT, PVP k-17; 1:1 weight ratio physical mixture and 1:1 weight ratio solid dispersions with different PVP polymers are shown in (fig. 4) . The diffraction spectrum of pure CLOT shows that the drug was crystalline in nature as demonstrated by numerous peaks at 12º, 19º, 19.5º and 22º. The amorphizing power of PVP toward the drug was clear in its solid dispersions with different PVP polymers, since no crystalline CLOT was detected. However, were present in 1:5 PM, while, there was a marked decrease in the intensity of CLOT peaks. On the other hand, the peaks of CLOT disappeared completely at 1:5 SD. It could be attributed to the destruction of its crystal lattice, because of melting of drug into carrier. The peaks associated to the carrier (PEG4000) were converted into one broad peak. This suggested the formation of an insertion-type solid where drug molecules found place inside the structure of the carrier with a deformation of the original crystal lattice. X-ray diffractometry patterns of CLOT and its various complexes with β-CD are shown in (fig. 6 ). The Diffraction pattern of 1:1 molar ratio physical mixture showed superposition of the spectra of each component with marked reduction in intensity compared to the pure drug. The diffraction pattern of 1:1 molar ratio inclusion complex showed superposition of the spectra of individual components with the appearance of new peaks at 5º, 18º, 32º and 35º reflecting CLOT-β-CD complex formation. The diffraction peaks were much reduced or completely disaapeared in ternary β-CD complexes. The broadening of some CLOT crystalline peaks and disappearance of others confirmed the stronger drug amorphization and entrapment in β-CD due to the combined action of β-CD and the hydrophilic polymers.
The physical parameters of the prepared CLOT suppositories are shown in Table 5 . The weight variation and content uniformity of the prepared suppositories complied with British Pharmacopoeia (within ±5%). The softening times of suppocire/ carbopol940 suppositories were high (4.5-5.5 h) and this behavior could be due to the formation of three-dimensional net in the semisynthetic triglyceride matrix or to an increase of the viscosity [20] . The mean extent and rate of release of CLOT from different suppocire AM/carbopol suppositories are shown in Table 6 . The in vitro release of CLOT from its solid dispersions or inclusion complexes incorporated suppositories was significantly improved when compared to the intact drug incorporated suppositories. The percentage of drug released after 6h was found to be 27% for CLOT-PVP k-25 incorporated suppositories compared to only 4.5% of drug released from suppositories containing drug alone (6-fold increase). This enhancement of drug release may be attributed to the change in CLOT crystallinity as illustrated by DSC and XRPD studies which increased its wettability and thereby increased its dissolution rate. Gowthamarajan et al. [3] , found that meloxicam-β-cyclodextrin complexes showed enhanced release from the polyethylene glycol suppository base. The mathematical evaluation of the in vitro release of the drug was done by using zero, first and diffusion models. The highest values of the correlation coefficients were obtained with the zero-order kinetic. Table 6 shows the anticandida activity of CLOT solid dispersions with different PVP polymers or b-cyclodextrin complexes incorporated in suppocire AM/carbopol940 suppository base. It was clear that the tested discs containing clotrimazole solid dispersions with different PVPs showed the largest inhibition zone size (43-45 mm) among all the discs tested. Comparing the inhibition zone size revealed that the effect of clotrimazole solid dispersions with different PVPs incorporated in suppocire AM/carbopol940 was about two times the size exhibited by the pure drug in the same base. This can be attributed to the enhanced dissolution rate of these solid dispersions as compared to the drug alone. The anticandida activity results coincide with the in vitro release results shown in Table 6 . 
